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The attached writeup is an introduction to the PDP-15 Floating-Point 
Hardware project - E-15-07635. It serves as a brief orientation in 
preparation for a presentation before the Engineering Committee on 
August 20, 1970 » Included in the writeup are an opening introduction 
from Marketing, a discussion of floating-point architecture, an esti- 
mate of cost and development schedule, and several explanatory appen- 
dices. 
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MARKETING INTRODUCTION 


PRODUCT DEFIMITION AND CONCEPT 


THE FLOATING-POINT PROCESSOR IS DESIGNED TO BE A SEPARATE HARDWARE 
DEVICE WITH rj? TO 1,6 INSTRUCTIONS PERFORMING SINGLE AND DOUBLE 
PRECISION ARITHMETiCi. y 

THE UNIT IS DESIGNED TO SIT ON THE PD?- 1 5 MEMORY BUS AND OPERATE 
AUTONOMOUSLY FROM THE CENTRAL PROCESSING UNIT# ’ IT^ THUS> ACTS AS 
A SEPARATE PROCESSOR PHOVIDING THE USER WITH ^OUR DISTINCT UNITS: 
MEMORY# CPU# I/O# AND FLOATING-POINT. 


MARKETING 


THE FLOATING-POINT HARDWARE ?ROWI})ES A FURTHER COMPLEMENT TO THE 
PDP- 15. IT SERVES MANY MARKETS AND CONSTITUTES A NECESSARY PRODUCT 
ENHANCEMENT. IT WILL ALSO HELP TO FURTHER DI FFSHENT I ATE PDP- 1 1 
AMD PDP- 15 PROSPECTS. 

MARKETS THAT WILL BE AFFECTED BY THIS HARDWARE INCLUDE THE PHYSICS 
AND ANALYTICAL INSTRUMENTATION ^rHKRE APPROXIMATELY 20% (15-20% FOR 
PHYSICS# 25% FOR AI) OF THE MACHiVES ARE USED PRIMARILY FOR NUr'lERIC/ 
analysis; the hybrid market where almost all MACHINES (90-100%) ^ 
REQUIRE THE CALCULATION SPEED EITHER FOR PACING OR FOR DIG I TAX 
SIMULATION; AND OUR GENERAL SCIENTIFIC ?^ARKET WHERE HIGH SPEEID 
ARITHMETIC IS DESIRABLE TO ACHIEVE BETTER PRO^GRAM THROUGHPUT (30% 

OF MACHINES). THE HIGH SPEED CAPABILITY WHEN COMPLEMENTED BY FORTRA 
SOFTWARE CAN REDUCE CALCULATION TIME BY AN ORDER OF MAGNITUDE AND MA 
ALLOW THE PDP- 15 TO EtNTER THE TRADITIONAL COMPUTATION MARKET NOW 
SERVED BY THE IBM 1130. 

THE SCIENTIFIC MARKET IS PRESENTLY VERY TIGHT ON FIDJDS. WE THEREFOR 
SEE THIS OPTION AS PRIMARILY AN ADD-ON. SCIENTISTS ARE PRESENTLY 
buying basic systems; later as EaD-OF-YEAR FUNDS A.ND A LOOSER ECONOM 
PERMIT# THE FLOATING-PO INT PROCESSOR WILL BECOME A DESIRABLE ADD-ON. 
WE EXPECT THAT THE DEMAND WILL START UP SLOW# ACCELERATE AS THE 
POPULATION OF PDP- 1 5 * S EXPANDS AND SLOW DOWPa AS THE PDP- 15 IS PHASED 
OUT. THE PRODUCT LIFE IS ESSENTIALLY THAT OF THE PDP- 1 5 ALTHOUGH 
THERE SHOULD STILL BE SOME RESIDUAL ADD-ON LIFE PAST THE PDP- 1 5 
PHASE OUT. 



COM^ETITIOM 


FLOATI>>3G- ^0 r.v'^" 4APDWARE f‘TI(,L ALLOW THE PDP-IS TO PERFOl^^ WELL 
ON PENCHNAPK<;. CW^PENTLY '-'E PHNCHNAP'-^ POGPLY EVEN CO[^PAHED TO 
‘vIACHIMKS ■•'ITH SLO'<’EP CYCLE TIMF DUE TO* OUH SOFTWARE FLOATING-POINT 
AR I TKMET I C I NPLEM ENTED w I A EAE . 

HF'P.ETT ’-’ACP:APD HAS DF'^'^ON STRATA D PUT Nv:)T YET DELIVERED FLOAT INP- 
^OINT HARD- ARE A*^ AM AP^RO'< I :viAl E PPTCP OF SR0K. DF.LTV?^RY TP PLANNED IN 
.JANUARY^ 1971. THE HARDWAP^r tjj] ^ PERFORM TRIGONOMETRIC FUMCTIOMS 
AS WELL FLOATING-POINT ADD, SUBTRACT, MTU^TIPLY, DITUDE, AND 
NORMAL I ?^E. 

ODP opoPOSED HAPDEARE t.'TI.L GIVf tTR a SIGNIFICANT ADVANTAGE IN THE, 
mapkET QOKR XDS and HONEYWELI. ^ND help in the MATCH WITH HEWLETT 
PACKARD. rm: hardware IMTEPFK arithmetic ALLOWS US TO PERFORM v 

DOUBLE PR ECISION IiWEGER CALCUl. A'* ION S AND THUS ANSWERS ONE 
OF HONEvt.^ELL'S selling ARGUMENTS. it ALSO PROVIDES AN EFFECTIVE 
MARKETING TOOL IN COMPAPISON W) TH THE HEWLETT PACKARD HARDWARE. 


VOIOTME 
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PDP-15 MARKETING 
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1. DESIGM GUIDELIiMES 

THE FLOATIMG-POINT PHOCESSOP MUST BE ABLE TO HUM THE EXISTING 
}*t)RTRAW COMPILER AT AN IMPROVED SPEED AND WITH A MINIMUM NUMBER OF 
CHANGES TO THE COMPILER. THIS IS ACCOMPLISHED BY REPLACING EACH 
FLOAT ING-^OINT SOFTWARE SUBROUTINE PITH AN EQUIVALENT HARDWARE 
INSTRUCTION. GLENN WICKELGREN * S MEMORANDUM OF JANUARY 6> 1970^ 

SPECIFICATION FOR FLOATING-POINT HARDWARE FOR PDP- 1 5, GIVES THE ^ 
FOLLOWING: 

"II. FLOATING-POINT INSTRUCTION FORMAT 

THE FORTRAN IV COMPILER GENERATES A CALL TO A SUBROUTINk ^FOR EAUH 
FLOATING OPERATION TO BE PERFORMED. THIS CALL LOOKS AS FOLLOWS: 

JiMS SUB /FLOATING OP. 

.DSA ARG /ARGUMENT 

/RETURN 

THE SUBROUTINE SUB IS DIFFERENT FOR DOUBLE PRECISION ARGUXiENTS THAN 
IT IS FOR SINGLE PRECISION ARGUMENTS. THE ADDRESS AEG POINTS TO THE 
FIRST WORD (IS THE ADDRESS OF THE FIRST WORD) OF THE ARGUMENT OF THE 
FLOATING-POINT OPERATION (15 BIT ADDRESS). THE BITS 0-S OF THE 
ARGTJMSNT ARE 7.ER0 EXCEPT WHEN INDIRECTION IS INVOLVED. IF BIT 0 OF 
THE ARGUMENT IS 1 THEN BITS 3-17 CONTAIN THE ADDRESS OF A LOCATION 
ARIOSE CONTENTS (SITS 3-17) POINT TO THE FIRST WORD OF THE ARGUMENT 
(ONLY I LEVEL OF INDIRECTION IS INVOLVED AND BITS 0-S OF THIS WORD 
MUST BE IGNORED).* AFTER THE OPERATION IS COMPLETE* CONTROL IS 
RETURNED TO THE NEXT REGISTER FOLLOWING THE ARGUME?(FT ARG. IF 
FLOATING-POINT HARDWARE IS tO OPERATE SUCCESSFULLY WITH THE COMPILER* 
A HARDWARE INSTRUCTION MUST BE AVAILABLE WHICH CAN REPLACE THE 
INSTRUCTION C SUB) WHICH TRASISFERS CONTROL TO SOFTWARE ROUTINES 
WHICH HANDLE THESE OPERATIONS* IN OTHER WORDS AN lOT (OR OTHER OP 
CODE) INSTRUCTION MUST REPLACE THESE ROUTINES. 

* THE HARDWARE FLOATING-POINT ’^’ROCESSOR MUST ALSO PERFORM THIS ONE 
LEVEL OF INDIRECTION WHEW DIRECFED." 

THE NECESSITY OF EXECUTING IN-LINE CODE GENERATED BY 
THE COMPILER MADE IT NECESSARY TO PLACE THE FPU ON THE MEMORY BUS* 
INSTEAD OF PLACING IT ON THE 1/3 BUS* THE FORTRAN COMPILER HAS 
D I CT AT ED W HAT C ONST I TUT E S THE F =>U . EARL I ER DE S I GN S 0 FFBIRRED A 
MORE POWERFUL FLOATI JG- POINT PACKAGE:, BUT THE SERIOUS LIMITATION 
WAS THAT THE PRESENT FORTRAN COMPILER COULD NOT TAKE ADVANTAGE 
OF SUTCH A UNIT WITHOUT UNDERGOIv^G AN ENT EN SI VS REWRITE. ALTHOUGH 

A COMPILEP Rewrite was considered, it »"as rejected as impractical 

AT THIS POINT IN TIME. SINCE T SE MA,TORITY OF POP- 1 5 SERS-^' DEAL 
EXCLOS TVEI.Y WITH FORTRAN, THE p^OpOSEV) DESIGN WILL OFFER ONLY WHAT 
CA'vi BK EASILY IMPLEMENTED IN THE PRESENT FORTRAN COMPILER. THE 
SrAHW.E EXCEPTION TO THIS IS THE INCLU-ION OF INTEGER ARITHMETIC* 

WHICH TAKES ADVANTAGE OF MOST 0^ THE FLOATING^PO INT HARDWARE AND 
PROVIDES MAPKETTMG WITH AN ATTRACTIVE MATH PACKAGE TO Dt STINGIlit^H 
IT FROM ITS COMPETITION. 
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S. OHGAMIZATION 
m STRUCT ION FORMAT 

THE FPU HAS BOTH SINGLE AND DOUBLE LENGTH INSTRUCTIONS. 


FIRST WORD 


SECOND WORD 



BITS 00-05 OF THE FIRST TsJOHD CONTAIN AN OCTAL ’'71'* TO 
SPECIFY A FPU INSTRUCTION. THE “VI** APPEARS AS A NO-OPERATION IN 
THE CPU. 




0 ? 


L 

P 

F 

Vi 


I 

A 


BITS 06-09 DECODE INTO SIXTEEN UNIQUE INSTRUCTIONS 


BIT 10=0> SINGLE LENGTH .INSTRUCTION 
BIT 10=1> DOUBLE LENGTH INSTRUCTION 


BIT 11=0^ SINGLE PRECISION 
BIT 11=1^ DOUBLE PRECISION 


BIT 12=0, INTEGER FORMAT 
BIT 18=1, FLOATING FORMAT 


BITS 13-17 MODIFY THE LOAD AND STORE INSTRUCTIONS 


13 UN AS SIGN ED 

lA ROUND FROM DOUBLE TO SINGLE PRECISION 

15 MAKE POSIT I UE 

16 MAKE NEGATIVE 

1 7 COMPLEMENT 


BIT 00=1 SPECIFIES INDIRECTION 

BITS 01-17 SPECIFY THE ADDRESS OF THE FTRST WORD OF 
THE ARGUMENT 


* SEE APPENDIX A 




s 
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DATA FORMAT 


THE FPU SINGLE AND DOUBLE PRECISION DATA FORMATS ARE THE 
SAME AS THOSE IN THE EXISTING P'OP-15 FLOATING-POINT SOFTWARE. 


FIRST 

WORD 


SECOND 

WORD 


THIRD 

WORD 


DOUBLE PRECISION FLOATING-POINT (54 BITS) 



SINGLE PRECISION FLOATING-POINT (36 BITS) 


FIRST 

WORD 



SECOND 

WORD 



NOTE! THE FLOATING-POINT MANTISSA IS KEPT IN SION MAGNITUDE 
FORMAT. OPERANDS ARE ASSUMED NORMALISED. 





® <PA(3E 

INTEGER arithmetic ALSO HAS BOTH SINGLE AND DOUBLE PRECISION. 

DOUBLE PRECISION INTEGER (36 BITS) 

FIRST 
WORD 

SECOND 
WORD 

SINGLE PRECISION INTEGER (18 BITS) 

SINGLE 
WORD 


NOTE: THE INTEGER OPERAND IS IN TWO’S COMPLEMENT FORMAT. 

♦ 
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OPFPATIOiM 



THIS FLOATIiXIG-POie^JT SYSTm CQf'JF I GUHAT I ON HAS THS FPIT ’*blACK 
BOX" PHYSICALLY OP’D ON THE MEMORY HITS BETWEEN CORE MEMORY AND 
THK r>D?=>-lS CPTi. THHS SITHATED^ THE EPU MONITORS ALL IMSTPTJCT IONS 
EHTCHED FROM CORE AMD EXAMINES EACH FOp THE IN BITS 00-05* 

THE '‘Ti'* APPEARS AS NO-OPERAT 10 M IN THE CpU^ BUT IT IMMEDIATELY 
FLASS the FPTT to announce ITS OCCURRANCE- THE FPU ACKNOWELDGES BY 
DISABLING THE CONTROL CIRCTUTRY WHICH ALLOWS THE CPU TO MAKE A 
MEMOHY REQUEST. I/O MEMORY PEQ-JE5TS ARE STIIH. ALLOWED ACCESS TO 
CORE. THE BITS TO THE RIGHT OF '’Tl** PROVIDE INFORMATION ON THE 
INSTRUCTION TYPE> INSTRUCTION LENGTH, DATA PRECISION, AND DATA FORMAT. 

IF A DOUBLE LENGTH I INSTRUCT I ON IS SPECIFIED, THE CPU IS 
ENABLED TO ALLOW FOR ONE MEMORY ACCESS TO OBTAIN THE SECOND WORD OF 
’rHE INSTRUCTION. THE CPU PC WILL INCREMENT PAST THIS SECOND. WORD 
AND BE CORRECTLY POSITIONED FOR CONTINUED EXECUTION WHEN CONTROL 
IS RETURNED. THIS TECHNIQUE OF ALIGNING THE PC REQUIRES THAT THE 
SECOND WORD BE MADE TO LOOK LIKE A NO-OPERATION TO THE CPU* THE 
ACTflAL SECOND WORD IS LOADED INTO THE FPU- THIS SECOND WORD CAN BE 
EITHER THE ADDRESS OF THE MEMORY OPERAND (NO INDIRECTION) OR THE 
ADDRESS POINTING TO THE ADDRESS OF THE MEMORY OPERAND (INDIRECTION). 
EVENTUAL TRANSFER OF THE OPERAND TAKES ONE, TWO, OR THREE ACCESSES 
TO CORE MEiMORY, DEPENDING ON THE PRECISION AND DATA FORMAT TRANSFEHRED 
THE LAST PHASE OF THE INSTRUCTION IS TO RELEASE THE HOLD ON THE CPU 
MEMORY REQUEST CIRCUITRY. 
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3* HARDWAPE IMPLSMEiSITAT lOM 

SEx/ERAL MSI (MEDIUM SC/^LE IMTEGRATIOM) DEVICES ARE ^LAMMED 
TO BE USED IN THE FPU. 

DEG7A181 4-RIT ARITHMETIC LOGIC UNIT 

DEC7/il8P CARRY LOOK AHEAD 

DEC74153 4-LINE TO 1-LINE DATA SELECTOR 

DEC74154 4-LINE TO 16-LINE DECODER 

DEC7495 4-BIT SHIFT REGISTER 

DSC74193 4-BIT SYNCHRONOUS UP/DO\^ GOUNTEH 

THREE GENERAL PURPOSE BOARDS HAVB: BEEN MADE t'O UTILI^^E THE ABOvE IC*S. 

50-08912 TWO 16- PIN IC VS, ALL PINS BROUGHT OUT, POWER 

ON PINS 16 AND 8, SERA RATE GROUND LOQR FOR 
EACH IC, AVAILABLE AS W961. 

50-08908 ONE 24-PIN IC, ALL PINS BROUGHT OUT, POWER 

ON PINS 24 AND 12, AVAILABLE AS W962. 

50-08914 TWO 14- PIN IC’S, ALL PINS BROUGHT OUT, POWER 

ON RINS 14 AND 7, SEPARATE GROUND LOOP FOR 
EACH IC, AVAILABLE AS W963. 

THE FIRST PROTOTYPE WILL MAKE EXTENSIVE USE OF THESE BOARDS 
IN THE DESIGN. SPECIAL PARTITIONING HAS ALREADY BEEN DEVELOPED FOR' 
TirE SECOND PROTOTYPE WHICH WILL COMBIiNE SIX OF THESE SINGLE HEIGHT 
CARDS INTO ONE DOUBLE HEIGHT CARD. THIS NEW CARD WILL BE USED TO 
REDUCE TIU*: 96 MODULE SLOTS REQUIRED FOR REGISTERS AND ADDERS IN 
PROTOTY^^E I TO 32 MODULE SLOTS IN PHOTOTYPE II. IF THE MODULE SLOTS 
REDUIRED FOR CONTROL LOGIC CAN BE KEPT TO LESS THAN 60% OF THE TOTAL 
COUNT, THE FPU CAN BE PACKAGED IN TWO MOUNTING PANELS C l 28 MODULE 
SLOTS). AS A COMPARISION, THE PDF- 15 CPU IS CONTAINED IN 2 1/4 
mounting PANELS AND USES 79 OF THOSE MODULE SLOTS FOR CONTROL* IF 
THE FPU CAN BE CONSIDERED TO BE NO MORE COMPLEX (AND/OR COMPLICATED) 
THAN THE CPU, THE LIKELIHOOD OF FITTING THE FPU IN THE ALLOTTED 
SPACE IS GOOD. 
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/ • ACHEDHT.K t^\0) vj AXiTi}.',c? I‘\ G COST ESTIMATE 


10 APRIVIOG AT OAiOOF'^CT^-PI v(’ COS'l ^ AO APEFAGE COST OF 
TEO DOLLA^^S c>irp MQnnLE '''AS OSEO FO*'-’ EET^^IIOG OOO'O.FS AMD op^qi-MT 
lOTSGFATEV) CIRCUIT COSTS FSEO Tv) rElEFOIOE TH 

lOFOFMATIOXi THE ^O^^CHAS 10 G DF"-' A •"TE EO T IODICAT 

COMPOOEMTS 00 THE OE'-' MODOLES F'-'p - E' T EOCF A A?) - SOT COST ^■EVinryr j /) 

FT THE FIFST O-JAFTEP OF FISCAL 1070. 


■; Cl) ST OF OF'-' o 
jS THAT *:■■'*. '.i .1. 


OAOHFACrnoiOG COST 


OOHOTIOG PAOEL STTH AH> CC^ A T1 F^^c:}r^ 

I/O CAOLE^ f'SiOG O90A COOOECTOP^' 

M775 CLOCK AOD TIME STATE GEOFSATOO 
HIFEHPAP SEPHICE A:»OMO MIpKS 0 SA.l-i 
MAOTISSA A DOES MODni..E (PAPT-' AMD MAOF. COST) 
ADDPKSS ADDER MODHLP) (PARTS AMD •jAOR. COST) 
ADDITIOOAL STAODADD MODELER 


A. 'A 


OA.75 70 

15.^0 A- 

OK. SI SR 

O i '■ * • ^ ' ^T ! '5 

S'-i • -■ i P 7 i 

OA.O-; ] vA 

1 A-VV 


31 


S 33^:. 3 1 


MATEPIALS Sl> 339.00 

lOSTALl.ATIOM i;0 FIELD (1-HHRS) 30.00 

CHECKOUT (3 MAMDAYS ) 3/! }. 00 
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Di Gi T Ai r Qui mr: m coRPonAii on 


DISCRnTE PROJECT AUTHORIZATION 


n 

change F^. 


Marked 

Product Code Code Discrete Project Code 

i 1 i 5 ] CZ3 t - 7 i s i s i s 

(To be assigned by accounting) 




Proiecl THIo:. PDP 7 I 5 PL^ING-PC^T PROC^SSOp. Ctote:. fi-2^-7P . ....... 

Project Maixiger: . ,T* , Supervisor: . 

Complere Desciiplion of Project: . » .... . . . ; 




Estimoted Coinpletiorv Dote: . . ^9. .Estimated Totof $*s:, $1B3..,3 . , 


Fis cot Quorters 

H FY 71 

Eirpcnsc Centers 




Act , f Cost f 
Code I Ctr, I 


Qtr. 1 


FY 71 


Qtr. 2 


FY_71 
Qtr. 3 


FY 71 

QfrT?' 




Mecfianicol Eng . 
Process Eng. 

Systems Programming 
Diagnostic Progromming 


Production Eng. 
Specia! Projecis 


Hardware Mo nuo 1 s 
Sori ware Monucl.s 


Product iif>e Fna. 


Prentice 

Stockebrond 

Portner 

Portncr 


uffer 
St. Amour 


Bellantoni 

Arnold 


20.0 


0.5 


3.7 18.0 


2.0 




total expense 


I 14.5 


56.0 




18.0 

18.0 

6.0 


KByH 



3.0 

3.0 

30.5 



83.5 


35.3 


ii this «s a new projtrJ, have Product Line Manager sign below end submit to Accounting for 
ossignrnent at a piojccf nurntiei . The appropriate Vice President should sign for any projects 
shared by more tbon one Product Line. 


Approved by: 


Da te : 


Aulfior»zaticn or tids project d oes not constitute budget opproval. fcacb project must operote 
within and untier the control of their appropriate Product [.b>e und its budget. 





























CTr. 4 1970 


1971 


1 O "7 1 


JUNE 


JULY 


AUGUST 


LAYOUT AND DESIGN OF PROTOTYPE I 
IE 1 . 5E IT 


SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

© 

DOCUMENT 

LAYOUT AND DESIGN OF PROTOTYPE II 



1.5E IT 


1.5E IT 


1.5E IT 



DIAGNOSTIC PROGRAMMING 


IPR IPR 2PR 2PR 2PR 


IE 

1.6E 

IE 

— 

1.5E 



1.7E 

1.5E 

IT 

2.5T 

0.5T 

2T 

2T 

1.5T 

ID 

! 

1.5D IPR 

IPR 

2PR 

2PR 

2PR 


















1 - LOGIC DESIGN REVIEW 

2 - MECHANICAL REVIEW 

3 - FINAL REVIEW 

4 - RELEASE TO BUILD 

5 - RELEASE TO PRODUCTION 



SYSTEMS PROGRAMMING 

2PR 2PR 2PR 2PR 2PR 2PR 


HARDWARE AND SOFTWARE MANUALS 


ITW O.IE ITW O.IE ITW 0 . lE ITW 0 . lE ITW 0 . lE ITW 0 . IE 


1.6E 

1. lE 

I.IE 

1. IE 

O.IE 

O.IE 

1.5T ITW 

ID 2PR 

IT ITW 

4D 2PR 

IT ITW 

3D 2PR 

2TW 2T ITNG 

3D 2PR IFS 

ITW 2PR 

ITW 2PR 
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APPENfDIX A 

IMSTPOCTION SET 


I iM S THG C T I ON L EN GTH 

DOUBLE 

DOUBLE 

DOUBLE 

DOUBLE 

DOUBLE 

DOUBLE 

SINGLE AND DOUBLE 
DOUBLE 

SINGLE AiND DOUBLE 
SINGLE A^3D DOUBLE 
DOUBLE 
SINGLE 


THE FIPST OPERAND LOCATION IS A 5A-BIT HARDUAHE ACCUivlULATOR 
IN THE FPU. FOR DOUBLE LENGTH INSTRUCTIONS THE SECOND OPERAND IS 
HELD IN CORE MEMORY. UHEN THE INSTRUCTION LENGTH IS SINGLE^ THE FPU 
HARDWARE ACCUMULATOR IS USED AS THE SECOND O^^ERAND. 

IN FLOATING-POINT MULTIPLY THE NORMAL I 5?:ED RESULT HAS THE 
MOST SIGNIFICANT BITS IN THE FPU HARDWARE ACCU^IULATOR AMD T^E LEAST 
SIGNIFICANT BITS IN THE FPU MQ. THE MQ> A 06-BIT EXTENSIO§^[ OF THE 
HARDWARE ACCUMULATOR^ MAY BE ACCESSED WITH THE DIAGNOSTIC AND SWAP MQ 
INSTRUCTIONS. IN INTEGER MULTI ^LY> THE LEAST SI GNIFI CANT BITS OF n 
THE RESin.T ARE IN THE FPU HARDWARE ACCTJMni.ATOR AND THE MOST SIGNIFICANT 
BITS ARE IN THE FPU MQ. MULTIPLICATION IS BETWEEN TWO 36-BIT OPERAND 
REGISTERS AND RESULTS APPEAR IN THE 36-BIT MANTISSA PORTION OF THE 
FOU HARDWARE ACCUMULATOR AND THE 36-BIT FPU MO. 

BOTH FLOATING-POINT DIVIDE AND INTEGER DIVIDE RESULT WITH >, i 

THE QUOTIENT IN THE 36- BIT MANTISSA PORTION OF THE HARDWARE ACCUMULATOR ' 
AND THE REMAINDER IN THE MQ. INTEGER DIVISION IS WHOLE NUMBER 
DIVISION. IF THE DIVIDEND IS L 2SS THAN THE DIVISOR, THE QUOTIENT 
IS EERO. 

P BO GRAM INTERRUPTIONS: 

OVERFLOW - MAGNITUDE OF RESULT EXCEEDED MAXIMUM REPRESENTABLE 
NUMBER LIMIT. 

UNDERFLOW - MAGNITUDE OF RESULT EXCEEDED MINIMUM REPRESENTABLE 
NUMBER LIMIT. 

DIVIDE - DIVISION BY EERO IS ATTEMPTED. 


ADD 

SUBTRACT 

REVERSE SI3BTrAcT 

MULTIPLY 

DIVIDE 

REVERSE DIVIDE 

LOAD 

STORE 

FLOAT 

FIX 

DIAGNOSTIC 

c;.;ap [v^q 

UNASSIGNE)) 
UNASSIGNHD 
UNASSIGNED 
fTNASS I GNED 
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ADD 


THE SECOND OPERAND IS ADDED TO THE FIRST OPERAND^ AMD THE SIW IS 
PLACED IM THE FIRST OPERAND LOCATION. 


PROGRAM INTERRUPTIONS: 

TJNDERFLOW 

Ov/ERFLOW 

SUBTRACT 


THE SECOND OPERAND IS SUPTRACTEO FROM THE FIRST OPERAND, AND THE 
DIFFERENCE IS PLACED IN THE FIRST OPERAND LOCATION. . 

PROGRAM interruptions: 

UNDERFLOW 

OVERFLOW 

REVERSE SUBTRACT 


THE FIRST OPERAND IS SUBTRACTED FROM THE SECOND OPERAND, AND THE 
DIFFERENCE IS PLACED IN THE FIRST OPERAND LOCATION. 


PROGRAM INTERRUPTIONS: 

^JNDERFLOW 

Overflow 

MULTIPLY 


THE PRODUCT OF MULTIPLIER (THE SECOND OPERAND) AND MULTIPLICAND 
(THE FIRST OPERAND) REPLACES THE MULTIPLICAND. 

PROGRAM INTERRUPTIONS; 

UNDERFLOW 

OVERFLOW 

DIVIDE 


THE DIvIHYH':: T’Tms: FIRST IS DIVIDIED BY THT <THE 

SECOND OPERAND) AND REPLACED BY THE QUOTIENT. THE REMAINDER IS LEFT 
IN THE MO. 

PROGRAM INTERRUPTIONS: 

UNDERFLOW 

OVERFLOW 

DIVIDE 
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REv/EHSE DIVIDE 


THE DIVIDEND (THE SECOND OPERAND) IS DIVIDED BY THE DIVISOR (THE 
FIRST OPERAND). THE QUOTIENT IS PLACED IN THE FIRST OPERAND LOCATION 


PROGRAM INTERRUPTIONS: 

UNDERFLOW 

OVERFLOW 

DIVIDE 


LOAD 


THE SECOND OPERAND IS PLACED IN THE FIRST OPERAND LOCATION. BITS 
13-17> My OPERATE ON THE SECOND OPERAND PRIOR TO THE LOAD. USE OF 
THESE BITS CREATES A SUBSET OF LOAD INSTRUCTIONS: 

LOAD ROUNDED 
LOAD POSITIVE 
LOAD NEGATIVE 
LOAD CONPLEHENT 


PROGRAM INTERRUPTIONS: 

OVERFLOW (OCCURS ONLY ON LOAD ROUNDED) 
STORE 


THE FIRST OPERAND IS STORED AT THE SECOND OPERAND LOCATION. BITS 
13-17,^ OPERATE ON THE FIRST OPERAND PRIOR TO THE STORE. USE OF 
THESE ’BITS CREATES A SUBSET OF STORE IiN STRUCT IONS : 

STORE ROUNDED 
STORE POSITIVE 
STORE NEGATIVE 
STORE COMPLEMENT 

PROGRAM INTERRUPTIONS: 

OVERFLOW (OCCURS ON STORE ROUNDED AND WHEN POSITIVE EXPONENT BITS 
ARE LOST ON SINGLE PRECISION STORE) 

UNDERFLOW (NEGATIVE EXPONENT BITS LOST ON SINGLE PRECISION STORE) 

NOTE: LOAD ROUNDED AND STORE ROUNDED CHANGE DATA PRECISION FROM 

DOUBLE TO SINGLE BY ADDING 000000000400 TO THE MANTISSA ANd 
RENORMALIZING. 
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FLOAT 

THE DATA FORMAT OF THE SECOWD OPERAND IS CHANGED FROM IMTFGFP TO 
Fl.OATIWG-POIMT. THE SECOMD OPFRAMD IS A 18 OR 36-BIT INTEGER. THE 
PESOI.T IS PT.ACED IM THE FIRST 0PB:RAMD LOCATION. 

PROGRAM lA^TF.RRU^TIOWS: ‘^OME 

FI^ 


'r-^^E DATA FOHiSAT OF THE 
TO IMTE6ER. THE PESOLT 
FIRST OPERAiMD LOCATION. 


SECOND OPERAND IS CHANGED FROM FLOATING-POINT 
IS A 18 OP 36-BIT INTEGER AND IS PLACED IN THE 


PPOGRAN INTERRUPTIONS: 

ORERELOW (SIGNIFICANT BITS LOST ON FORMAT CHANGE) 
DIAGNOSTIC 


THIS INSTRUCTION HILL BE IMPLEMENTED TO DIAGNOSTIC PROGRAMMING 
SPECIFICATIONS. IN GENERAL^ IT HILL ENABLE THE DIAGNOSTIC PROGRAMMER 
TO PDT THE FLOATING-POINT UNIT IN SINGLE-STEP CHECKOUT MODS AND 
PROHIDE ACCESS TO ALL ESSENTIAL CONTROL CIRCUITRY AND HARDHARE 
REGISTERS. THIS INSTRUCTION ALSO SERHE TWO OTHER FUNCTIONS. 

FIRSTS IT WILL iU.LOW USER INFORMATION IN THE FPU TO BE SAVED OR 
RESTORED ’UTH A SINGLE INSTRUCTION. S&ICOND, IT WILL GIVE ACCESS TO 
AN INTERRUPT EXCEPTION REGISTER. WHICH MAY BE EXAMINED 70 DETERMIN 
THE CAUSE OF THE FLOATING-POINT INTERPIIPT. 

SWAP MQ ' 


THE 36-BIT MANTISSA PORTION OF THE FPU HARDWARE ACCUMULATOR AND THE 
36-BIT FPU MO ARE SWAPPED- 


PROGRAM INTERRUPTIONS s NONE 





AP^^SNJDIX B 

OF PJTEPRTTPT EXCEPT I OiSiS 


OOERF1..0W - MAGNITUDE OF RESULT EXCEEOFD MAXIMUM PF^PESENTABLE 
«Nl UMBER LIMIT. 

UMDEnFLO-*’ - MAGMITUOE OF RESULT EXCEEDED MIMIMITM PEpRESEMTABLF 
MFTMBEP LIMIT. 

DT\7IDE - DTVnRIOM BV VK/PO IS ATTEMPTED. 

PHEM AM TwrpppfTOT E^^CE^Tjf^M OCCURS^ EXECUTION STOPS AMD THE 
atttOMATICALLY forces the CPTJ to r,MS TO THE EXIT ADDRESS. THE EXIT 
ADDRESS IS KE'OT IM A 15-BTT FEGISTP:R IM THE FPIL WHICH CAM BE ACCESSED 
BY THE PROGRAMMER THROUGH USE OF THE DIAGMOSTXC INSTRUCT I ON. UPON 
COMPLETION THE EXIT ADDRESS LOCATION WILL COMTAIM THE ADDRESS OF 
THE LAST WORD OF THE LAST FPU INSTRUCTION EXECUTED PLUS TWO. 


FPU IMTEPPU^T OCCU 

exit address LOCAT 

wiLl. CONTAIN *»A+3’* 



A 

RS 

A+i 


A+S 

ION 

A+3 


FLOAT . ADD 
ADDRESS OF ARG. 
LAC B 
DAC C 


PRESUMABLY, THE EXIT ADDRESS WI :,L POINT TO THE ERROR HANDLING 
ROUTINE FOR FLOAT IMG-PO IMT . THE DIAGNOSTIC IWSTROCTIOW MAY BE USED 
TO LOOK AT THE STATUS OF THE OVERFLOW, UNDERFLOW, AND DIVIDE 
INTERRUPT FLOPS AND THE INSTRUCnON LENGTH OF THE INTERRUPTED 
INSTRUCTION. 
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APPENDIX C 


OPEPATleaG FEATURES Al>JD COiMSTHAIMTS 


- MAXIMUM OF OiME LEVEL OF IMDIKECTIOiM 

- OPERANDS MUST BE NORMAL 1 7.ED 

- RESULTS APS AUTOMATICALLY NORMALIZED 

- IF A CALCITLATION RESULTS IN A ZERO MAGNITUDE^ THE EXPONENT IS 
ZERO’D AMD THE SIGN MADE POSITIVE 

- NEGATIVE ZERO IS NOT ALLOWED 

- THE ADDRESS OF THE ARGUMENT IS A 17-BIT NUMBER 

- ROUNDING TAKES PLACE AFTER ALIGNING AND AFTER NORMALIZING (+1 IS 
ADDED TO THE LEAST SIGNIFICANT BIT OF THE MANTISSA IF THE NEXT 
BIT OFF THE LSB END OF THE MANTISSA IS D 

- I/O MEMORY HEOUESTS ARE GIVEN PRIORITY OVER FPU MEMORY REQUESTS 

- THE PROGRAMMER MAY LOAD A 15- SIT REGISTER IN THE FPU WITH AN 
INTERRUPT EXIT ADDRESS. WHEN A FLOATING-POINT INTERRUPT OCCURS^ 
THE FPU AUTOMATICALLY FORCES THE CPU TO JMS TO THE EXIT ADDRESS* 
THE EXIT ADDRESS LOCATION WILL CONTAIN THE ADDRESS OF THE LAST 
FPU INSTRUCTION EXECUTED PLUS TWO. 


E* G • 

A 

FLOAT. ADD 

F^U INTERRUPT OCCURS 

A+1 

ADDRESS OF ARG. 


A+2 

LAC B 

EXIT ADDRESS LOCATION 

A+3 

DAC C 

WILL CONTAIN »*A+3” 

• 

. # 
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APPEMDIX D 

EXAMPLE PROGRAM CODING 


OP CODE 

S USED: 

L0AD=89 

!, ADD=34, 

STORE= 

70 

MNEMONICS AD 

DOUBLE 

PRECISION 

FL.OATING-POINT ADD 


LD 

DOUBLE 

PRECISION 

FLOATING-POINT LOAD 


STD 

DOUBLE 

PRECISION 

FLOATING-POINT STORE 

900 1 00 



• LOG 

100 


900190 

340118 


TAD 

DATAl 

/CPU I N S T Rf JC T I ON 

009101 

0401 13 


DAC 

STOR 

/CPU INSTRUCTION 

909 1 08 

718340 


LD 

NUMl 

/DOUBLE PRECISION F.P. LOAD 

009103 

0001 14 




/ASSEMBLES INTO TWO 18-BIT WORDS 

900104' 

713740 


AD 

NIT'MS 

/DOUBLE PRECLSION F.P. ADD 

909105 

0001 17 




/ASSEMBLES INTO TWO 18-BIt WORDS 

909106 

717340 


STD 

ANSW 

/DOUBLE PRECISION F.P. STORE 

909107 

000188 




/ASSEMBLES INTO TWO 18- BIT WORDS 

0091 10 

800125 


LAC 

DATA8 

/CPU INSTRUCTION 

0001 1 1 

600186 


cMP 

NEXT 

/CPU IWSTBUCTION 

099118 

101187 

DATAl 

101 187 



^^•^91 13 

300000 

STOR 

0 



999114 

300047 

NUM 1 

4 7 


/EXPONENT 

900115 

364811 


364811 


/SIGN AND HIGH ORDER MANTISSA 

999 1 1 6 

373648 


373648 


/LOW ORDER n m T I S S A 

900117 

000036 

NUM8 

36 


/EXPONENT 

000120 

80 7416 


807416 


/SIGN AND HIGH ORDER MANTISSA 

0901 PI 

477135 


477135 


/LOW ORDER MANTISSA 

000 1 88 

000009 

ANSW 

0 


/EXPONENT 

000183 

300000 


0 


/SIGN AND HIGH ORDER MANTISSA 

900 1 84 

009000 


0 


/LOW ORDER M aIJT I SSA 

909185 

000001 

DAT A 8 

1 



000186 

740909 

NEXT 



/CPU, INSTRUCTION 


WHEN THE INSTRUCTION AT LOCATION 000108 IS FETCHEEl THE 
F^ORDi 7183A0, IS A NO-OPERATION IN THE CPU. HOWEVER^ THE FPU 
IMMEDIATELY RE:C0GNI7,ES THE **71” AS A FLOATING-POINT INSTRUCTION 
UORD. AT THIS TIME, THE FPU DISABLES THE CPU FROM MAKING FURTHER 
MEMORY REOUESTS, AND THE REST OF THE FLOATING-POINT INSTRUCTION 
IS DECODED - 8340. 

SINCE L=l, THE CPU IS ALLOWED TO MAKE ITS NEXT REOUEST TO 
MEMORY. THE CPU NOW THINKS IT IS FETCHING THE NEXT INSTRUCTION 
FROM LOCATION 0(50103. THE CONTENT OF 000133 IS REALLY MEANT TO BE 
THE SECOND OPERAND ADDRESS FOR THE FLOATING-POINT INSTRUCTION. ; 
COMSEOUENTLY, THE CPU MUST NEVER SEE THE “GARBAGE** INSTRUCTION IN 
000193. THIS IS ACCOMPLISHED BT DISABLING THE CPU FROM STROBING 
THE CONTENTS OF 000103 INTO ITS BUFFER. BECAUSE OF THE ’'STIMULUS- 



C^^AGE DS) 


RKSPOWSE" OPERATION OF THE CPU WITH CORE MEMORY:, THE CPU WILL WAIT 
IN LIMPO IHMTIL IT IS ALLOWED T-' STROBK THE MEMORY BUS IW,TO ITS 
buffer. MEANuhILE the FPU TAKES O'^'EP WHERE THE CPU LEFT OFF, STROBES 
THE CONTENT H 000 lOS INTO THE FPU BUFFER, AND ISSUES THE NECESSARY 
ACKNOWLEDGE SIGNALS TO END THE MEMORY CYCLE. A DUMMY NO-OPERATION 
INSTRUCTION -rORD IS THEN PV'T ON THE MEMORY BUS BY THE FPU, FOLLOWED 
BY A STROBE RIGNAL TO THE CPU. THE F^U NOu PLAYS THE ROLE OF A 
CORE BANK AND ISSUES THE NECKS' ARY SIGNALS TO THE GPU TO END THE 
CYCLE. AGAIN, THE FPU DISABLES THE CPU FROM MAKING A MEMORY 
REOUEST. 

OP CODE = 20 I^ A LOAD IlNSTRTtcTION. P 1 AND F = 1, 

COMPLETE THE DESCRIPTION OF TH}: INSTRUCTION, LABELING IT DOUBLE 
PRECISION FLOATING-POINT. THE DESTINATION OF THE LOAD IS A 54- BIT 
FPU HARDWARE ACCUMULATOR. THE DESTINATION ACCUMULATOp IS LOADED WITH 
THE EXPONENT, SIGN AND HIGH ORDER MANTISSA, AND THE LOW ORDER MANTISSA 
FPOM LOCATIOiSFS 000114, 000115, AND 000 1 16 RESPECTIVELY. THE CONTENT 
OF 000103 IS THE SECOND OPERAND ADDRESS. SINCE BIT 9=0, THERE IS NO 
INDIRECTION, AND THE EFFECTIVE ADDRESS IS SIMPLY 000113* WHEN THE 
INSTRUCTION IS FINISHED, THE C n.T IS ENABLED FOP MEMORY 'REQUESTS ATvID 
THE NEXT WORD FETCHED BY THE C ^U IS FROM LOCATION 000104. THE OTHER 
FLOATING-POINT INSTRUCTIONS ARE EXECUTED IN A SIMILAR MANNER. 

NOTES I/O MEMORY REQUESTS ARE GIVEN PRIORITY OVER FPU REQUESTS 
TO MEMORY. 



